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Introduction
Tropical humid forests are amongst the most diverse, most productive and most threatened of biological communities. Indeed 14 of the 18 biodiversity hot spots identified by Myers (1988 Myers ( , 1990 (1982, 1984) has published maps (at 1: 250 000) of the vegetation of the district, which is characterized as belonging to the Memecylon-SyzigiumActinodaphne and Persea-Diospyros-Holigarna series of tropical wet evergreen forest. The vegetation is distributed in five broad zones governed by the rainfall gradient, and remains most intact in the northern and southern evergreen zones (Fig. 1) . Even here the vegetation is an intricate mosaic of different stages of degradation. There has been little extraction from the more inaccessible slopes in these two zones, although many of these areas might have been under shifting cultivation prior to 1865 (Gadgil & Subash Chandran 1989b). This tract thus provides an excellent setting for comparing forests under varying degrees of human impact.
These forests have been and are still subject to a variety of human impacts, including commercial logging, extraction of fuelwood and fencing poles, lopping of leaves, cattle grazing and dry-season fires. Little quantitative information is available on any of these activities, so that it is not possible to grade different localities along a welldefined scale of disturbance. It is, however, reasonable to assume that increasing levels of disturbance are accompanied by a reduction in forest biomass, an opening of the forest canopy and a reduction in soil moisture. These environmental changes favour deciduous species at the cost of shade-tolerant and moisture-loving evergreen species (Puri et al. 1983; Pasal 1988). The extent of reduction in forest biomass and increase in the fraction of deciduous species may then serve as useful measures of increasing levels of disturbance for the evergreen forest tracts in the Western Ghats. We discuss below the changes in forest composition in terms of species richness, species turnover, attributes of constituent species and the structure of the vegetation along such a gradient.
Materials and methods
The study was based on 30 transects of 600 x 4 m, i.e. The composition of the 30 sampled plant communities was then plotted in the space defined by two indicators of disturbance, namely plant density and fraction of individuals of deciduous species (Fig. 2) . The 30 points seem to constitute two distinct clusters in this space. As Fig. 1 indicates, sites assigned to the two clusters were geographically interspersed and did not represent distinct bioclimatic zones. Rather, they probably correspond to categories of low and high levels of disturbance. It is therefore of interest to assess whether these were significantly distinctive in their species composition. The frequency distribution Extraction and Western Ghats forests Table 2 compares the results of the simulations on the basis of these three different assumptions with the actual observations on the number of species exclusive to and number of species shared between the two categories of high and low disturbance. Evidently sites belonging to the two categories harboured a significantly distinctive set of species. As Table 3 shows, the sites belonging to the categories also differed significantly from the expected direction in Table 2 . Observed number exclusive to, as well as shared between, sites of low and high disturbance. The expected numbers were obtained, under the null hypothesis of no difference between the two groups, from 1000 Monte Carlo simulations using the models: (1) dividing the populations of 30 sites as observed randomly amongst two groups of 20 and 10; (2) assigning populations at different sites at random amongst two groups such that the total numbers in the two groups were as close as possible to 13 886 and 3790; (3) assigning individual plants randomly to two groups of sites with 13 886 and 3790 individuals, respectively. The probability P is that of obtaining a value as high as the observed for the number of exclusive species, and as low as the observed for the number of shared species The differences in percentages were significant (P < 0.05) in all cases. three measures of disturbance,'namely occurrence of trails, pressure of grazing and incidence of fire. None of these differences was initially used to delineate the two categories, and this suggests that we were justified in the conclusion that our 30 sample sites could be divided into two groups of high and low levels of human-induced differences that have favoured the occurrence of distinctive sets of species.
Results and discussion

SPECIES RICHNESS
It was thus appropriate for us to look for differences between these two sets of sites in variables other than the plant density and fraction of deciduous species that were used in deriving the groupings. Species richness, or w-diversity, and species turnover, or P-diversity, were two such parameters of interest. One expects two kinds of processes to affect the number of species found on a transect in relation to disturbance. A reduction in plant density would be accompanied by a reduction in the total number of species per unit area, simply because of the decrease in the total number of individuals being sampled. At the same time, opening up of the canopy may lead to a reduction in resource competition, permitting invasion by a large number of species.
Indeed, it has been documented that under certain conditions intermediate levels of disturbance lead to an increase in w-diversty (Connell 1978; Pickett & White 1985; Fuentes & Jaksie 1988).
The 20 evergreen transects harboured between 35 and 62 species, with a mean of 48-8 and a standard deviation (SD) of 5-6. The numbers were lower at the 10 disturbed sites, with a range of 18-55, a mean of 35-7 and with a standard deviation of 11 9. This difference is statistically significant at P = 1 % (t-test, Mann-Whitney U-test). A total of 172 OTUs made up the 13 886 individuals on the 20 evergreen transects; in contrast, only 116 OTUs occurred amongst the 3790 individuals on the 10 disturbed transects. Simulations of sampling 3790 individuals from the total pool of 13 886 individuals of 172 species for the low-disturbance sites provide an estimated mean number of 111 OTUs, with a standard deviation of 6-5. This is slightly lower, but not significantly so, than the 116 species/OTUs amongst the many individuals on the highly disturbed sites .This suggests that the lower number of species on the highly disturbed transects may simply be a consequence of a decrease in density, and may thus be unrelated to any Extraction and Western Ghats forests changes in the packing of species within the community. Values of the exponential of the Shannon-Weaver index H = -Pi In P., where P is the fraction of the ilh species) were also not significantly different for the low as opposed to highly disturbed sites, being 18 4 ? 6.1 for the former and 15.2 ? 7-8 for the latter. In the case of these 10 sites then, an increased level of disturbance was not accompanied by significantly increased levels of w-diversity.
SPECIES TURNOVER
A variety of human disturbances has created a vegetation mosaic in Uttara Kannada. It is possible that in such a landscape a wide range of species may have opportunistically colonized the disturbed patches, with the identity of colonizers differing greatly from patch to patch. This could imply a greater level of species turnover, or n-diversity, for the disturbed patches, even though individual disturbed patches had a lower level of x-diversity. By defining P-diversity as the fraction of unshared species between any pair of patches, the highly disturbed sites showed a value of 0 73 ? 0.07 (mean ? SD), as opposed to a value of 0.65 ? 0.1 for the low disturbance sites. This difference is significant at the P = 1% (t-test, MannWhitney U-test). However, since the highly disturbed sites had fewer individuals, randomly constituting any pair of such sites from a common pool is expected to give a greater fraction of unshared species. Correcting for this effect, the fraction of unshared species in low disturbance sites is expected to be 0 70 ? 0 09, which is not significantly different from that of disturbed sites. Thus disturbance did not enhance this component of diversity either.
SPECIES ATTRIBUTES
Of the 165 securely identified taxa, 138 occurred on low disturbance sites with 60 being exclusive to them, while 105 occurred on high disturbance sites with 27 being restricted to them. Seventy-eight taxa were shared by high and low disturbance sites. By definition, low disturbance sites had a higher fraction of evergreen species. Species characterized by Pascal (1988) as climax species similarly comprised a higher fraction of the flora on low disturbance sites, while those characterized as pioneers as well as heliophile formed a significantly greater fraction of those restricted to highly disturbed sites (Table 4) . Pascal (1988) terms as relicts those evergreen species which persist under disturbance; our data support this contention. No relict species were exclusive to low disturbance sites, but a much greater fraction occurred amongst species shared between low and high disturbance sites than among species restricted to highly disturbed sites alone. In addition, it is of interest to investigate whether human harvesting more directly favours species with attributes that either (i) hinder harvesting, as with thorns, spines or poisonous latex, or (ii) enhance the species' ability to withstand harvesting, for instance by coppicing. As expected, thorny or latex-bearing plants as well as plants able to be coppiced (Table 4) were significantly less frequent amongst species restricted to low disturbance sites (X2 test, P < 0.05). Finally, plant species differed greatly in the variety of uses to which they were put. These included local subsistence uses such as fuel, small timber or leaf manure, and commercial uses as in the matchwood and plywood industries. The forests of Uttara Kannada have been under the pressure of subsistence use for centuries; in the last 50 years they have come under the pressure of considerable commercial use as well. We therefore scored the species in terms of subsistence use and use in the matchwood and plywood industry. Low and high disturbance sites did not differ significantly in terms of the fraction of species of subsistence or commercial use. However, there was a significant trend when use in the matchwood/plywood industry and coppicing potential were considered in conduction. Low disturbance sites supported a significantly larger fraction of species (X2 test, P < 0.05) demanded by the plywood industry but incapable of being coppiced (Table 4) . In other words such species were particularly liable to disappear under high levels of disturbance.
BIOMASS DEPLETION
By definition, sites with high levels of disturbance had lower plant densities. But it is of interest to provide a quantitative assessment of the extent of the lowering of biomass levels. The data to hand are restricted to the number of plants of different taxa in each of the seven height classes. This is inadequate for an estimation of absolute levels of biomass, but could be used for an estimation of relative change. Table 5 A much smaller number of species absent from lowdisturbance sites, namely 28, colonized highly disturbed tracts. Notable amongst these were seven species that were common under high levels of disturbance, occurring in four out of 10 transects. These included Albizia odoratissima, Cassia fistula, Dalbergia latiffolia (rosewood), Lannea coromandelica, Schleichera oleosa, Tectona grandis (teak) and Xeromphis uliginosa. Two of these, rosewood and teak, have been highly valued as timber species. All these seven species have a widespread distribution over the Indian subcontinent and in south-east Asia, and are thus of much lower conservation value compared with the evergreen species with more restricted geographical ranges. It would therefore appear that the high levels of disturbance which are now endemic over much of the Western Ghats may be responsible for considerable levels of biomass loss, as well as for local extinctions of several evergreen tree species of high conservation value.
